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Abstract 
In the river Oder high-waters of the river with high nutrient loads 
and low biological activity mainly occur during winter. Thus, a re- 
markable portion of the annual oad passes the estuary untrans- 
formed. During summer high level of biological activity is observed 
in the whole estuary, but while more than 10 pmol/l dissolved inor- 
ganic nitrogen (DIN) is found in the Grol3es Haft, where the theoret- 
ical water-residence time is only 1 month, in the western part of the 
estuary, where the water-residence time is approximately 3 months, 
all DIN is transformed into organic matter. 
The transformed nutrients settle partly as biological products, but 
they are released again in these shallow waters due to biological and 
physical degradation, and transported into the Baltic Sea. 
This behaviour may explain why in the sediments of the Oder- 
haft with a sedimentation rate of 1 mm/year only 1% of the annual 
nutrient load of the Oder iver can be found. 
Abbreviations: Awa - Achterwasser; GWB - Greifswalder Bod- 
den; TOC = Corg -- total organic arbon; GOAP - research project 
"Greifswalder Bodden and Oder Estuary Exchange Processes", run- 
ning from 1993-1996. 
Introduction 
1. Geographical situation 
The Oder estuary on the southern coast of the Baltic Sea is 
mainly of the lagoon type (KJERVE 1986, 1994). It is divid- 
ed into 4 parts (Fig. 1): 
(1) the direct by river influenced Groges Haft on Polish 
territory, with the mouth of the river Oder and two connec- 
tions to the sea: the shipping channel Swina between the is- 
lands of Usedom and Wolin and the Dziwna in the east of 
Wolin, which share 60% to 70% and 10% to 15%, respec- 
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tively, of the outflow into the Baltic Sea (CORRENS 1979; 
BUCKMANN 1998), 
(2) the westerly annex Kleines Haft on the German side, 
which participates with 15% in the outflow of the system, 
(3) the Peenestrom as the connection between Kleines 
Haft and Greifswalder Bodden with the only remarkable ad- 
ditional tributary river Peene (but the river Peene has only 
5% of the Oder outflow), 
(4) the Achterwasser with very restricted water exchange 
with the Peenestrom (LAMPE 1993). 
2. Hydrological situation 
The inner parts of the estuary normally have low salinities 
between 0.5 psu to 2 psu increasing from the Groges Haft to 
the northern Peenestrom. Episodically saltwater from the 
Pomeranian Bay with salinities of about 7 to 8 psu can reach 
the inner parts of the estuary, driven by water level differ- 
ences between the southern Pomeranian Bay and the la- 
goons. These saltwater bodies normally leave the lagoons 
within some hours to days, often with only a narrow mixing- 
Table 1. Morphological data of the Oder estuary. 
Part Area Average d pth Volume 
[kin 2] [m] [km 3] 
Oder estuary 1361 
Oderhaff, whole 687 3.8 2.583 
Kleines Haft 277 3.7 1.026 
GroBes Haft 410 3.8 1.557 
Greifsw. Bodden 510 5.8 2.960 
Peenestrom 86.9 2.6 0.203 
Achterwasser 77 2.9 0.226 
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Fig. 1. Map of the investigation area. 
front with the low-salinity lagoon-water, as we observed 
after an inflow pulse in April 1995 (Fig. 2). Thus, the outflow 
into the Baltic Sea is of pulsating nature (MAJEWSKI 1974; 
PASTUSZAK et al. 1996). 
River Oder run-off and nutrient load 
The river Oder is one of the most important sources of river- 
ine pollutant input into the Baltic Sea. Having an average 
flow rate of 560 m3/sec the river Oder introduces 17.7 km 3 
water per year into the Oder estuary, containing 80 000 to 
100000 tons of total nitrogen, 5 000 to 8 000 tons of total 
phosphorus (Fig. 3). After some dry years, 1994 was a wet 
year, but only nitrogen loads followed the river run-off; the 
phosphorus load of the Oder is on a remarkably low level of 
5 000 tons, but with slight increasing tendency in last years, 
following the tendency of fertilizer consumption i  Poland 
which contributes 90% to the river Oder catchment area 
(Fig. 4). 
Fig. 2. The inflow pulse at Swine- 
mtinde from 7.-9.4.1995 observed ina 
synoptic campaign of the GOAP-pro- 
ject. 
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Fig. 3. Nitrogen, phosphorus and water discharge of the river Oder 
in 1988-1996 [1988-1993 based on data published by PAS- 
TUSZAK et al. (1996); 1994 to 1996 by Instytut Meteorologii 
(1995, 1996, 1997)]. 
There exist strong correlations especially for the monthly 
but also for the annual data between the nitrogen load and the 
water discharge of the river Oder, while for phosphorus a
weaker correlation is evident (Fig. 5). These correlations 
give the impression that most of the nitrogen but also a re- 
markable part of the phosphorus in the river Oder may have 
diffuse sources in the Oder catchment area. 
From monthly Oder run-offs and the volume of the estu- 
ary basins one can calculate theoretical water residence 
times of 3 to 6 months in the Kleines Haft and 0.5 to 2 
months in the Groges Haft, which may be further lowered 
during times of riverine high-waters in winter and spring by 
salinity stratification of the fresh water over the higher saline 
water of the Haft (Fig. 6). 
Some aspects of seasonal nutrient 
behaviour 
In the Oderhaff sedimentation f the suspended and transfor- 
mation of the dissolved load occurs. However, the extent 
varies strongly, depending on the season. High waters in 
winter and spring, like in 1994, may transport 70% of the an- 
nual nitrogen and 50% of the annual phosphorus load mainly 
uninfluenced through the Oderhaff into the Baltic Sea 
(Fig. 7). 
Generally, in winter biological activity is slight and the 
Oder load so great that transformation of nutrients plays a 
minor role. In seasons of high biological production and low 
riverine input most of the inorganic nitrogen is transformed 
into dissolved and particulate organic forms, to a lower ex- 
tent in the Gro6es Haft but complete in the 10-15% of Oder 
input that enters the western part of the estuary, Kleines Haft, 
Peenestrom and Greifswalder Bodden. 
In the Oder-influenced Groges Haft not even in summer is 
100% of the inorganic nitrogen transformed into organic ma- 
terial. Also at that time we find remarkably high concentra- 
tions of inorganic nitrogen in the Grof3es Haft; in June/July 
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Fig. 4. Fertilizer consumption i Po- 
land 1988-1995. FAO Fertilizer Year- 
book 1996. 
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Fig. 5. Correlations of the river Oder water-run-off and total nitro- 
gen and phosphorus loads for the month in 1994 (sources ame as in 
Fig. 3). 
1994 20-40 pmol/1 dissolved inorganic nitrogen (DIN) and 
about 100 pmol/1 total nitrogen. At the same time the DIN 
concentrations in the western part of the estuary, Kleines 
Haft to Greifswalder Bodden, are below 1 pmol/1, or below 
the detection limit (Fig. 8) 
Sed iment  re la t ions  
Generally, one can say that sediments are the memory of the 
overlying water body. But this may be true in a direct, simple 
way, allowing time-series studies of the fine-sliced history of 
the waterbody, only in the rare cases of undisturbed eposi- 
tion (ALEXANDER et al. 1999). 
Normally this memory is disturbed by some influencing 
factors: one is bioturbation, which is able to rework sediment 
deposits down to depths of a few decimeters; another factor 
is a leveling of the morphological structures of the sea floor 
due to erosion/transportation processes, driven by currents 
and/or wind waves. All these factors work perfectly in the 
shallow and macrophyte-free inner lagoons of the Oder estu- 
ary. 
Turbation equilibrates the uppermost 10 to 15 cm of the 
sediments in the Oderhaff (Oder-Projekt 1995), erosion/de- 
position processes have formed bath-tub-like smooth and 
shallow basins of monotonous depth and uniform areal dis- 
tribution of the inventories (Fig. 9) (LAMPE & MEYER 
1995; OSADCZUK 1996). 
From sediment-mappings of the upper 5 cm in the Haft 
and Greifswalder Bodden (LAMPE & MEYER 1995; 
OSADCZUK 1996), we calculated the inventories of nutri- 
ent-related constituents. 
Initial values are: dry bulk densities of 0.10 g/ml for the 
mud of the Haft, and 0.66 g/ml in the sediments of Greif- 
swalder Bodden and an average annual sedimentation rate of 
about 1 mm/year, (JANKE 1993; Oder-Project 1995). 
Fig. 6. Stratification of riverine water over 
higher saline water in the western part of the 
Oder estuary in February 1994, observed in 
the GOAP-project. 
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Fig. 9. Map of TOC concentrations i  the uppermost 5 cm of sediments inthe Kleines and Grosses Haft, GOAP-project (by permission of 
Mr. ANDRZEJ OSADCZUK, Institute of Marine Sciences, University of Szczecin). 
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Table 2. Calculated annual deposition i the mud of the Haft and silt/clay fraction of the Greifswalder Bodden, based on sediment mapping 
of more than 100 samples in the Haft within a 1-nm grid and 45 samples in the Greifswalder Bodden ( 2-nm grid), nm = nautical miles. 
C N P 
% t/a g/m2a % t/a g/m2a % t/a g/m2a 
Oderhaff: 
0.1 g DS/ml, 
1.0 mm/a in mud-area, 
385 km 2 mud-area 
687 km 2 whole area 
Greifswalder Bodden: 
0.66 g DS/ml, 
0.5 mm/a in mud-area 
260 km; mud-area 
510 km 2 whole area 
8.5 3.600 5.2 1.2 510 0.74 0.18 76 0.11 
4.4 3.780 7.4 0.54 460 0.90 0.21 180 0.35 
The%-values are the mean concentrations in dry substance (DS) of the mud. 
The values t/a and g/m2a re related to the whole area of the water basin. 
We compared these results with an average annual oad of 
the river Oder of at least 80 000 tons total nitrogen and 8 000 
tons total phosphorus [calculated after ASMUSS, pers. com- 
mun.; the 10-year average from 1980-1989 (DEHMEL 
1992) gives similar values]. 
Thus, we got a deposition capacity of the sediments for 
the Oderhaff of 0.7% of the annual nitrogen load and 1.0% of 
the annual phosphorus load. If we include the Greifswalder 
Bodden, which gets its nutrient load not only directly from 
the Haft through the Peenestrom, but also by intensive water 
exchange with the Pomeranian Bay (CORRENS 1979) we 
calculate the maximum values of 1.5% of the nitrogen-load 
and 4% of the phosphorus load to be deposited in the sedi- 
ments of the Oder estuary. 
Summary 
• Approximately 50% of the P-load (50% of 5 000 tons) and 
70% of N-load (70% of 80 000 to 100 000 tons) of the river 
Oder may pass the estuary in cold seasons directly into the 
Baltic Sea, 
• In warmer and biologically active seasons 90-100% of the 
inorganic N-input (1994: but only approximately 7000 tons 
of the annual load of 66 000 tons) is transformed into organic 
bound nitrogen, 
• Inorganic P and Si were totally transformed to organically 
bound forms only in the western part of the estuary ( 10-15% 
of the Oder run-off) in spring and autumn caused by high 
growth-rates of diatoms, but to a great extent hey were re- 
leased again. 
• Most of the Oder input of nutrients into the estuary enters 
the Baltic Sea untransformed, only delayed in time by weeks 
or months. 
• Of the smaller portion of transformed nutrient load only a 
minor part is deposited for a longer period of time in the sed- 
iments of the estuary, but max. 4% of the Oder-load. 
• Of the transformed part of nutrients approximately 50% 
(the particular bound species) probably undergo sedimenta- 
tion-suspension processes, leading to higher esidence times 
only for this part of the Oder-load in the estuary rather than 
to water-exchange alone. 
• The other appr. 50% of transformed (organic) nutrients are 
dissolved and follows the water exchange with the Baltic Sea. 
• The Oder estuary today works more as a transformation area 
rather than as a retention area for the nutrient load of the Oder. 
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